Abstract
INTRODUCTION
Rectal cancer is one of the most common malignant tumors that lead to high rates of morbidity and considerable mortality. High-quality surgery is of great importance in curing patients with rectal cancer. Total mesorectal excision (TME), which considers the rectum and mesorectum as one lymphovascular structure and requires its excision within an intact fascia propria [1] , has been shown to significantly reduce the rate of local recurrence and increase the survival rate. Therefore, TME is generally accepted as the gold standard for surgical treatment of rectal cancer [2] . However, during the surgical procedure of TME, distal mesorectal excision becomes difficult when the tumor is low and near to the pelvic floor. Williams [3] described the area of the distal rectum that lies within the pelvic floor musculature as "no man's land" in rectal cancer surgery. The so-called "no man's land" cannot usually be reached from the abdomen and has been relatively inviolate as far as surgical exploration is concerned. It is particularly difficult to dissect the end of the rectum in some patients with low rectal cancers, such as those with a narrow pelvis and large tumor volume. These conditions may affect the surgical quality and lead to incomplete mesorectal excision and higher local recurrence rates, thus reducing the survival rate [4] [5] [6] . Recently, many studies have suggested that a transanal approach may resolve these issues [7, 8] by greatly facilitating distal rectal dissection and providing high-quality TME specimens. Most of these studies used a specialized platform, such as a transanal endoscopic operation platform. However, few institutions around the world could perform this surgery. To date, most colorectal surgeons do not have access to the equipment needed for transanal endoscopic operation nor have they had formal training with this device. Moreover, application of transanal endoscopic operation has remained limited due to high costs and the complexity for surgeons. During the past 10 years, we applied simple customized instruments to perform retrograde transanal TME for male patients with low rectal cancers. With the help of these simple instruments, we have been able to acquire clearer surgical exposure and easily cross the "no man's land" under direct observation. Here, we introduce this procedure employing simple instruments and present the operative results from our study.
MATERIALS AND METHODS

Patient selection
A total of 3497 consecutive patients underwent radical resection for rectal cancer (tumors located within 12 cm of the anal verge) at the First Affiliated Hospital of Wenzhou Medical University (China) between December 2006 and August 2015. Of these, 115 patients were enrolled in this study.
The inclusion criteria were as follows: (1) tumor margin located ≤ 5 cm from the anal verge; (2) palpable resectable primary tumor detectable by digital examination, and no tumor invasion in the external sphincter, levator ani, and puborectalis muscles by magnetic resonance imaging (MRI); (3) no distant metastasis found before operation; (4) refusal to undergo abdominoperineal resection of the rectal carcinoma and strong desire for sphincter preservation; and (5) huge tumor volume (tumor diameter ≥ 40 mm).
Since 2011, we have recommended temporal stoma to most patients to improve their quality of life in the early period after operation. All of the procedures were performed by three senior colorectal surgeons.
Preoperative adjuvant therapy
The preoperative clinical stage of rectal cancer was assessed by abdominal computed tomography (CT) and pelvic MRI with 3.0-T system. Patients with stage cTNM Ⅱ-Ⅲ were recommended to receive preoperative neoadjuvant chemoradiotherapy according to Clinical Guideline of Colorectal Cancer in China since 2010, but only 19 patients fulfilled the regimens, which was performed over a 5-wk period. A dose of 45-50 Gy in 25 fractions was administered along with capecitabine (825 mg/m 2 per day) to enhance the efficacy of radiotherapy. Surgery was performed in the 6 th to 8 th weeks after neoradiotherapy.
Surgical procedures
Step 1: Transabdominal TME. The dissection was started by high ligation of the inferior mesenteric vessels, followed by mobilization of the sigmoid colon, descending colon and splenic flexure of colon. The dissection was performed following the principles of TME working in "the holy plane", which ensured excision of the whole rectum and mesorectum as one distinct lymphovascular entity.
Step 2: Transanal ISR. The lower margin of the tumor was closed with submucosal purse-string sutures under direct observation, followed by retrograde irrigation of the anal canal with povidoneiodine solution. The rectum and anal canal were circumferentially dissected 2 cm below the tumor. The potential space between the internal and external sphincter was entered and dissected to the superior border of the anorectal ring.
Step 3: Retrograde transanal TME. For preparation of special instruments, two flexible retractors of 25 cm in length were modified from the thyroid retractor and could be adapted to the curvature of the pelvis manually. We also used an anal dilator with a papilionaceous fixture from a stapler device for hemorrhoids ( Figure 1 ). For retrograde dissection, a circular anal dilator with a diameter of 34 mm was introduced with an obturator device, which replaced the Lone Star Retractor for holding the anal canal open. The dilator was then sutured to the anal margin with four cardinal stitches. After removing the obturator, dissection of the distal mesorectum was pursued by alternating bilateral, posterior and anterior dissection ( Figure 2 ).
(1) Bilateral mobilization of the distal rectum ( Figure  2A ): Dissection was started along the natural boundary between the surface of the levator ani muscle and mesorectum toward the pelvic cavity assisted by two specially designed retractors. After the whole internal sphincter was dissected from the external sphincter, the space between the levator ani muscle and the mesorectum could be detected. The two retractors were inserted into this space and expanded it. The distance of bilateral mobilization toward the pelvic cavity could reach 10 cm according to the length of the retractors; (2) Posterior mobilization of the distal rectum ( Figure 2B ): The hiatal ligament was cut off after sharp dissection along the natural boundary between the surface of the levator ani muscle and mesorectum with an electrocautery or ultracision harmonic scalpel; and (3) Anterior mobilization of the distal rectum ( Figure 2C ): The rectourethral muscle was cut off, and the Denonvilliers fascia was sharply 
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involved when the tumor was within 1 mm of the resected CRM. Each freshly excised specimen was evaluated by an experienced pathologist before formalin fixation. Macroscopic assessments of the resected specimen were made as follows:
Complete: intact mesorectum with only minor irregularities of a smooth mesorectal surface is observed macroscopically. No defect is deeper than 5 mm, and there is no coning toward the distal margin of the specimen. There is a smooth circumferential resection margin on slicing.
Nearly complete: moderate bulk to the mesorectum, but with irregularity of the mesorectum surface is observed macroscopically. Moderate coning of the specimen is allowed. At no site is the muscularis propria visible, with the exception of the insertion of the levator muscles.
Incomplete: little bulk to the mesorectum, with defects down onto the muscularis propria and/or very irregular circumferential resection margin is observed macroscopically.
Assessment of postoperative complications
Postoperative complications represent all complications that were recorded, and the Clavien-Dindo grade (grades Ⅰ-Ⅴ) was used to classify the complications within 30 d postoperatively [9] .
Postoperative therapy
The patients were recommended to receive postoperative adjuvant radiotherapy and/or chemotherapy based on pTNM staging 3 wk after surgery. Radiation therapy fields should include the tumor bed, which should be defined by preoperative radiologic imaging and/or surgical clips. Radiation doses should be: 45-50 Gy in 25-28 fractions. 5-FU-based chemotherapy should be delivered concurrently with radiation. The dissected between the anterior and posterior lobes. On both sides of the rear of the prostate, the components of the pelvic autonomic nervous plexus (Walsh bundle) were identified and protected. The dissection approached the superior border of the prostate anteriorly and coccygeal posteriorly. Histological evaluation of the invasion of tumor cells was performed on the dissected plane (the external sphincter and/ or the levator ani) by microscopic examination of a frozen-section specimen. If any tumor cells were found, the procedure was suspended immediately and converted to abdominoperineal resection.
The tumor specimen was removed when the transanal operation met the gauzes previously placed at the pelvis transabdominally.
Step 4: Abdominal closure. The surgical field was rinsed, and the sigmoid stump was pulled down without tension to the anus. The colon and anal canal were interruptedly sutured using the absorbable 3-0 thread under assistance of an anal ligation device. The drainage tubes of the anal canal were placed across the coloanal anastomotic stoma.
The abdomen was closed, and an ileostomy was performed prophylactically. The classical approach was performed with Step 1 (transabdominal TME), Step 2 (transanal ISR) and Step 4 (abdominal closure), whereas the modified approach included Step 1 but only extending to the superior border of the anterior prostate and posterior coccygeal and then the perineal procedure was performed including Step 2, Step 3 (retrograde transanal TME) and Step 4.
Pathologic assessment of the resected specimen
Histopathological reports included TNM staging systems and other tumor prognostic factors, such as the status of circumferential resection margin (CRM) and distal margin. The CRM was considered to be 
Follow-up protocol
Seven of the 115 patients were lost to follow-up. Patients were followed by serial clinical examination and carcinoembryonic antigen assessment every 3-6 mo for 2 year and then every 6 mo for a total of 5 year. Chest/ abdominal/pelvic CT scanning was performed every 6-12 mo for up to 5 year. Colonoscopy was performed every 1 year. Local recurrence was defined as the first clinical, radiologic and/or pathologic evidence of a tumor of the same histological type within the pelvis. Distant recurrence was defined as clinical, radiologic and/or pathologic evidence of systemic disease outside the pelvis, at sites including but not limited to the liver, lungs, and para-aortic region.
Anal sphincter function assessment
Anal sphincter function was evaluated at 1 year after operation. Anorectal manometry was used to estimate anal function, and incontinence status was assessed by Wexner's score [10] and Kirwan's classification [11] .
Statistical analysis
All data were analyzed using SPSS statistics software (version 21.0; Chicago, IL, United States). Quantitative data that followed a normal distribution are presented as mean ± SD and were compared by the t-test. Quantitative data that followed a non-normal distribution are presented as median (range) and were compared by Mann-Whitney U test. Comparisons were performed using the Pearson χ 2 test or Fisher exact test for categorical variables. In addition, the Wilcoxon Mann-Whitney test was applied to compare the Clavien-Dindo classifications of the two groups. Survival was estimated using the Kaplan-Meier method, and the log-rank test was used to compare survival curves.
Overall survival was defined as the time from the date of surgery to the date of death or date of last follow-up for living patients. All of the tests were two-sided with a level of significance set at P < 0.05.
RESULTS
Clinical characteristics of patients with low rectal cancer
Successful sphincter preservation was achieved for all of the 115 male patients with lower rectal cancer. Among these patients, 41 patients underwent a classical approach (group A) and 74 patients underwent a modified approach with retrograde transanal TME (group B). There were no differences in age, ASA score, BMI, intertuberous diameter, distance of tumors from the anal verge, tumor diameter, rate of laparoscopy for abdominal operation, operators, pT stage or TNM stage between groups A and B (Table 1) . We performed more "ostomy" procedures in group B (97.3%, 72/74) 
Surgical results
In this study, we assessed the surgery quality in the two groups by evaluating the operative time, the completeness of distal mesorectum and total mesorectum, circumferential resection margin, and distal margin. The operative time in group B (240 min, range: 160-330 min) was significantly shorter than that in group A (280 min, range: 200-360 min; P = 0.000). Moreover, compared with group A, the resected specimen in group B had a superior TME quality ( Figure  3 ). The rates of complete distal mesorectum and complete total mesorectum were 100.0% and 90.5% in group B, and these were significantly higher than those in group A (75.6%, P = 0.000 and 70.7%, P = 0.008, respectively). There were no differences in the involvement of the circumferential resection margin and distal margin between the two groups ( Table 2 ). The completion status of the surgery on the pelvic floor (the location of the distal rectum) could be clearly observed via the anus after removal of the specimen (Figure 4 ).
Postoperative complications of surgery
There were no perioperative deaths in this study, but 41 cases experienced postoperative complications, including anastomotic leakage in 4 cases, anastomotic The posterior side of specimen. The black dotted line shows the boundary of transabdominal total mesorectal excision (TME) and retrograde transanal TME. The lower rectum had a smoother mesorectum surface compared with the upper rectum. TME: Total mesorectal excision.
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stricture in 18 cases, early postoperative inflammatory intestinal obstruction in 6 cases, urinary tract infection in 5 cases, wound infection in 7 cases, and urinary retention in 8 cases. There were no differences in the incidence of postoperative complications between group A and group B (P > 0.05; Table 3 ).
Functional results
Functional results were recorded for 115 patients during follow-up (Table 4) , and no differences were found in the values of the maximum resting pressure, maximum squeeze pressure and high-pressure zone length between the two groups preoperatively or at 1 year after operation. Similar results were observed for the Wexner continence score and Kirwan classification.
Survival and local recurrence
The mean duration of follow-up was 46.1 ± 25.6 mo (range: 12-122 mo), and 7 cases were lost to followup. Overall, 94 patients (91.3%) were followed up for more than 24 mo. No anastomotic recurrence was found in this study. Twenty-one cases (18.3%, 21/115) experienced recurrence and metastasis. Among them, local recurrence was found in 10 cases (8.7%, 6 in group A and 4 in group B), which included pelvic lateral lymph node recurrence in 3 cases (1 underwent lateral lymph node dissection), sacrum recurrence in 4 cases, and pelvic muscles recurrence in 3 cases. Of the 115 patients, 14 patients (10.7%) experienced distant metastasis. Of these, 2 patients presented with liver metastases, 5 with lung metastases, and 7 with metastases to lymph nodes at the para-aortic region.
The 5-year survival rate for the study population was 78.9%, with rates of 75.5% in group A and 81.0% in group B, with no difference between the groups (P = 0.228). Group B had a lower local recurrence rate (5.4%) and higher disease-free survival rate (79.5%) comparing with group A (14.6% and 61.5%, respectively), but these differences were not statistically significant (P = 0.093 and P = 0.130, respectively; Figure 5 ).
DISCUSSION
Numerous studies have revealed a strong relationship between a low tumor level and poor TME quality, higher positive circumferential resection margin and recurrence [4, 6, 12] . Leonard et al [4] reported that the incomplete TME rate was only 15.4% (2/15) when the inferior margin of the tumor above the anal verge was > 10 cm, and the rate was 28.2% (35/124) for tumors between 5 to 10 cm from the anal verge. If it was < 5 cm, the incomplete TME rate increased to 39.3% (42/107). The positive rate at the circumferential resection margin of incomplete TME was twice that of complete TME [4] . Therefore, as the low rectal cancer is closer to the anus, TME is more difficult to perform. Narrow pelvises and giant tumors have been proven to lead to surgical difficulties and increase the risk of noncurative resection [13] [14] [15] . Approaching the pelvic floor, the failure of surgical exposure may be the cause of misunderstanding the anatomic plane and inaccurate surgical dissection.
Based on these considerations, the concept of the "down-to-up" procedure has been proposed in cases where transabdominal TME is difficult [16] . This procedure reduces the effects of pelvis factors on pelvic surgery, and the operating space is expanded from the anus towards the pelvic cavity. The end of the rectum and its mesentery could be excised precisely under direct observation by retrograde transanal TME. In the 1980s, Gerald Marks developed transabdominal transanal resection (TATA) to perform TME from below to upward, but this technique required specialized instruments with limited exposure, and thus, few were able to replicate this approach [17, 18] . Recently, some researchers have tried to perform TME using a transanal endoscopic operation device [19] [20] [21] [22] [23] [24] . This approach has great potential value for further applications. However, it still has the disadvantages of technical difficulties associated with limited maneuverability, which means an increased learning curve for surgeons. Because of the smaller operating space under an endoscopic device, this type of surgical procedure is not suitable if the tumor is relatively large and the mesorectum is relatively thick [19] . In addition, the device is still expensive.
For better exposure of the pelvic floor from down to up and to obtain a larger operating space, we inserted a circular anal dilator into the anal canal instead of the Lone Star Retractor or transanal endoscopic operation device. We have used an anal dilator with a round-shape fixture from a classical stapler device for hemorrhoids and found that it was blocked by ischial tuberosities when the patient had a short intertuberous diameter. Now we apply an anal dilator with a papilionaceous fixture for deeper insertion into the anal canal to keep the external sphincter of the upper anal canal out of the anal dilator. This step prevents the contracting muscle from the anorectal ring from blocking the view, which facilitates observation of the pelvic floor and the accurate surgical dissection of the distal mesorectum transanally. Meanwhile, we use specially designed retractors to further extend the exposure of the operative field. This ensures the dissection is performed along the accurate anatomic plane under direct observation.
In this study, 74 patients underwent a modified approach with retrograde transanal TME (group B), and the results revealed that the operative time with the modified approach (240 min, range: 160-330 min) was significantly shorter than that with the classical approach (280 min, range: 200-360 min; P = 0.000). Moreover, the resected specimens in group B showed optimal TME quality. Compared with group A, a complete distal mesorectum and complete total mesorectum were achieved in group B (100% vs 75.6%, P = 0.000; 90.5% vs 70.7%, P = 0.008, respectively). The shorter procedure and better quality specimens observed in group B indicate that retrograde transanal TME with simple instruments facilitated the mobilization of the low rectum for male patients. Actually, several transanal surgery studies have already demonstrated that transanal TME can be performed safely with a promising amount of intact specimens and low rates of involved CRM [16, [25] [26] [27] [28] . Perdawood et al [29] reported a prospective study including 50 patients on the surgical results of transanal TME compared with laparoscopic TME (laTME) for rectal cancer. The circumferential resection margin was positive in 1 patient in their transanal TME group and 4 patients in their laTME group (P = 0.349). All patients in their transanal TME group had either complete or nearly complete specimen quality, while 4 patients in their laTME group had incomplete specimen quality (P = 0.113). Less blood loss, shorter operating time, and shorter hospital stay were observed in their transanal TME group. A meta-analysis including seven studies (transanal TME group, n = 270; laTME group, n = 303) indicated that the complete grade for the quality of the mesorectum was significantly higher for transanal TME than for laTME (OR = 1.75, 95%CI: 1.02-3.01, P = 0.04) and significantly fewer patients in the transanal TME group had a positive CRM (OR = 0.39, 95%CI: 0.17-0.86, P = 0.02) [30] . However, research studies on oncologic outcomes of transanal TME are still few. Rouanet et al [23] reported oncologic outcomes for a series of 30 transanal TME operations with locally advanced tumors. Overall survival rates after 12 and 24 mo were 96.6% and 80.5%, respectively. In the present study, our results revealed that group B had a lower local recurrence rate and higher 5-yr disease-free survival rate compared with group A (5.4% vs 14.6% and 79.5% vs 61.5%, respectively). However, these differences were not statistically significant, possibly due to the small number of patients in this study. Furthermore, we also observed the anal sphincter function and incontinence status 1 year after operation. No differences were found between the two groups, and the mean Wexner score in group B (retrograde transanal TME) was 3.6, which was also close to that in other transanal TME studies [31, 32] . This modified approach with retrograde transanal TME does not compromise anal function compared with the conventional approach for patients with low rectal cancer.
Taken together, the results of this study indicated that the modified approach is better than the classical approach for sphincter-preserving surgery in male patients with low rectal cancers, especially in those with bulky tumors. However, this study is limited mainly in its retrospective design, and a larger number of patients would be ideal. Additionally, only a few of the patients received neoadjuvant chemoradiation in this study because of rejections. In conclusion, our results indicate that the procedure of retrograde transanal TME with simple instruments can overcome the so-called the "no man's area" in rectal surgery to ensure TME completion at the distal rectum and can achieve a better quality specimen without lowering anorectal function.
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Background
High-quality total mesorectal excision (TME) is of great importance in curing patients with rectal cancer. However, distal mesorectal excision is difficult when the tumor is low, especially with a narrow pelvis and large tumor volume.
Research frontiers
Many studies have suggested that a transanal approach may resolve the issues derived from a narrow pelvis and large tumor volume. This procedure provides several advantages over conventional excision by offering much improved visualization and exposure. It greatly facilitates distal rectal dissection and provides high-quality TME specimens.
Innovations and breakthroughs
Most studies about the transanal approach used a specialized platform, such as a transanal endoscopic operation platform. However, the application of transanal endoscopic operation has remained limited due to the high costs of such platforms and the complexity for surgeons. The authors explored the application of simple instruments including modified retractors and an anal dilator with a papilionaceous fixture to perform transanal total mesorectal excision (taTME). These simple instruments facilitate observation of the pelvic floor and accurate surgical dissection of the distal mesorectum transanally.
Applications
The study results suggest that the modified approach with simple instruments achieved a shorter operative time and better quality of mesorectal excision, as compared with the classical approach. It is a better approach for sphincterpreserving surgery in male patients with low rectal cancers, especially in those with bulky tumors. This procedure may be a safe, effective and economical alternative for taTME.
Terminology
The intersphincteric resection technique allows a sphincter-saving resection for ultralow rectal cancer, mainly excluding cases with infiltration of the external sphincter. This technique consists of removing part of or the whole internal anal sphincter to obtain free distal margin. TME, which considers the rectum and mesorectum as one lymphovascular structure, requires its excision within an intact fascia propria. TaTME is a procedure in which the rectum is mobilized transanally in a retrograde fashion. It reduces the effects of pelvis factors on pelvic surgery, and the end of the rectum and its mesentery could be excised precisely under direct observation.
Peer-review
The authors have developed a unique surgical method for transanal TME using
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